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' .B _ S_e'ction 1

M INTRODUCTION

BACKGROUND -

‘EBarly Hietery

" Reilly Tar and Chemical operated a coal tar distillation and

wood preserving plant in St. Louis Park, Minnesota between
1918 ‘and 1972. Reilly dlsposed of wastes from the operation
in a network of ditches that discharged to a wetland adjacent
to the operation. The wastes consisted of a mixture ‘of many
compounds, including a class of organic- compounds- known as
Polynuclear Aromatic Hydrocarbons (PAH), some of which are
carcznogenlc. :

In 1932, the first St. Louis Park muhicipal well was construct-
ed. The well was shut down after several weeks of operation

because of complaints about odors . in. the water. The odor

was - attrlbuted to phenol in the: water.

Throughout the 1960's and through the,early 1970's, the Min-
nesota Department of Health -(MDH) and St. Louis Park monitored
runicipal, commercial, and industrial wells for phenol.

Phenols ‘impart a bad taste to water, but are not believed to
pose a significant health hazard at low concentrations.

In the mid 1970's, the MDH and Mlnnesota Pollution Control
Agency (MPCA) became concerned about PAH compounds which are
found in coal tar.

Groundwater Investigations and Well Closures

In 1974, St. Louis Park contracted with Gerald Sunde, a con-
sulting engineer, to investigate pathways for movement of
contaminants in the aquifers under the city. The consultant

- concluded that wells open to several aguifers provided a

51cn1f1cant ‘route for contaminant spread

In 1975, MPCA contracted with Barr Enclneerﬂng Company to
conduct a study to assess the extent and magnitude of the
contamination. The study concluded that the soil and shallow

‘unconsolidated sandy aquifers near the old Reilly site were

seriously contaminated and were acting as a source of contami-
nants to deeper bedrock aquifers. The report recommended a
gradient -control well network be implemented, heavily contami-

nated soil be removed, and the hydrology of the area be further
defined. :

NON-RESPONSIVE
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INON-RESPONSIVE

In July 1978, the MDH contracted with the U.S. Geological
Survey (USGS) to better define groundwater flow and organic
contaminant movement in the bedrock underlying St. Louis

Park. Their interpretation of the rate and mechanism for
contaminant movement was then used by E.A. Hickok and Associ-
ates in 1980 and 1981 when Hickok was contracted by the State
to provide additional definition of a gradlent control network
and a soil removal:program.

Treatment Studies

During the summer df 1979, St. Louis Park conducted several
studies evaluating PAH removal using powdered activated carbon

(PAC). The PAC was introducec at the well head (St. Louis
Park No. 15) and removed on an existing sand filter (part of
an iron removal system). The results of these efforts were

‘promising, showing good PAH removal.

In the spring of 1980, the city retained E.A. Hickok and
Associates to evaluate and provide some preliminary cost
estimates of various treatment alternatives [PAC, granular
activated carbon (GAC), hydrogen peroxide, ultraviolet radi-
ation] and alternative water supplies (deeper wells). Again,
results with the use of PAC and GAC showed effective PAH
.removal (up to 95 - 99 percent). The subsequent report indi--
cated that both GAC and PAC were effective at removing PAH.
However, these studies were not designed to investigate break-
through times, optimum carbon doses, optimum carbon medium,

1-2 G
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' minimal contact times, and effectiveness for removal at various
degrees of contamination.

Remedial.Actlon'Plans

An lnvestlgatlon and remedial action plan for the St. Louis
Park groundwater contamination problem was completed by

E.A. Hickok and Associates in November 1981. The remedial
action plan included a recommendation for the implementation

of a gradient control well network in St. Louis Park. The .
gradient control network would restrict the impact of contami-

- nant migration by controlling groundwater flow in five agquifers.

The Hickok report proposed several alternatives for gradient

- control under the site and further proposed three alternative
‘discharge plans for water pumped from the gradient control
network. Two of the discharge’ alternatives proposed by Hickok
included treatment of several gradient control wells for
distribution in the St. Louis Park water supply system. The
remainder of the gradient control wells in the first two
alternatives would be discharged to the sanitary sewer system
or to the Mississippi River. The final discharge alternative
proposed discharge of all gradient control water to the Missi-
ssippi River. No costs for potable water supply were included
in the third alternative.

The USGS is developing a computer model of the area aguifers
to predict the relative effectiveness of the various gradient
control options proposed by Hickok. The model will be used
to define groundwater flow and contaminant migration under
several gradient control pumping schemes. Final definition
of a gradient control network cannot be completed until the
mocelllng efforts are finished.

PURPOSE OF STUDY

In August 1982, MPCA cantracted with CH2M HILL to complete
this evaluation of groundwater treatment and potable water
'sup:lv alternatives for St. louis Park.

: THe scope of this study was designed to fill in data gaps

from previous studies and to provide sufficient information

for the MPCA to select a grcundwater treatment/potable water

supply alternative for St. Louis Park. The scope of work -
was modified as the study progressed to compensate for new

" information and to effectively mesh thlS study with. other

oncoing studies by MPCA

The-objectiveS'of this study are summarized as follows:
o Conduct a literature search and technology assess-

ment to summarize historical studies on the removal
"of PAH compounds and other coal tar derivatives

1-3
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from water. The purpose of this evaluation was to
select. approprlate technologies for bench-scale
testlng work _

"Collect and analyze water samples from several

municipal water supply wells and groundwater moni-
toring wells in St. Louis Park. This sampling and
analytical program supplemented historical data on
groundwater quality and, in addition, included '
analysis for some compounds not included in previ-
ous test work.

_Collect and analyze water samples at various points

in the exlstlng iron removal treatment system located
near SLP-15. The purpose of this task was to deter-

" 'mine whether the unit processes used in the treatment

system are effective in the removal of PAH compounds
and other coal tar derivatives. :

Collect and analyze water samples from nearby commun-
ities to compare water quality goals for St. Louis
Park w1th other water, supplies in -the area.

Based on the results of the above tasks, select
promising treatment technologies for bench-scale
testing. Collect water samples from SLP-15 and
perform bench-scale test work to determine which

technologies effectively. remove PAH's and other.

coal tar derivatives. The objective of this test-
ing program was to determine whether potable water
guality can be achieved by treating contaminated
water from SLP-15. The MDH established the follow-
ing treatment goals for potable water-

- _28 ng/l ‘total concentratlon of carc;nogenlc
- PAH's
- .280 ng/1 total concentration of "other" mea-

sured PAH's

Based on the results of the bench-scale testing.
work, evaluate the capital and O&M costs . of full-
scale treatment systems using technologies which
were found viable in the: bench testing program,
Select the most cost- ef_ectlve technology ‘for pilot-
scale testing.

fCohduct pilot-soale tests of the most cost-effective
treatment technology. Scale up pilot testing results

and formulate- design criteria for a full-scale
potable water treatment system.

S
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o Develop water quality and quantity goals for restor-
- ing potable water supply capacity to the city of
St. Louis Park. The purpose of this task was to
provide a basis for comparison of water supply
alternatives.

o  Develop and evaluate water supply alternatives"
which will restore water supply capacity to the
city of St. Louis Park. Prepare capital and O&M
 costs estimates for each alternative and discuss
the relative advantages and disadvantages of each .
alternative considered.

o} Perform a cost-effective analy515 of the water
‘supply alternatives. Prepare a recommendation for
implementation based on cost and technical consi-
derations.

(o} Prepare a conceptual design and Order-of-Magnitude
: - capital and O&M cost estimates for the full=~ scale
system.

As the study progressed, the results of individual elements

- of the work scope were summarized in technical memoranda.
These technical memoranda were used as working documents

throughout the study and are included in Volume 2 of this

report.

This report fepresents,a brief synopsis of information con-
tained in. the technical memoranda.

SUMMARY AND CONCLUSIONS

- The findings of this study are summarized as follows:

1. A literature search and assessment of technologies was
conducted to screen potentially. applicable technologies
for removal of PAH's and other coal tar derivations
from groundwater. The following technologies were select-
ed as most appropriate for bench-scale test work:

¥o) Oxidation Processes

- ozone (0,)

- Ozone/Ultraviolet (0,/0V)
- Hydrogen Peroxide (H,0,)
- Hydrogen Peroxide/Ultraviolet (H,0,/UV)
- Chlorine (Cl,)
- Chlorine Dioxide (Cl0,)
o Adsorbtion Processes
- Granular Activated Carbon (GAC)
1-5
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- Macroretlcular Re51n

o] Membrane Processes

- ;Reverse 05moszs (Ro)
- Ultrafiltration (U.F.)

A number of pr1nc1pal wells and monitering wells in and
around St. Louis Park were sampled and analyzed for PAH

‘and. other coal tar derivative compounds. Analytical .
‘results are compared to historical test work by other

researchers.

SLP-15 was started up and well water was_passed through
the -existing iron removal treatment. system in- September

+1982. Water samples were .obtained at various points in
- the treatment ‘system and analyzed for PAH's. Eighty
-percent removal. of PAH's was measured across the system,

but effluent did not meet MDH's treatment goal of 280 ng/l
total "other" PAH's. Based on tne results of this first
onszte'test, additional bench-scale test work was recom-
mended to. assess the PAH removal efficiency of aeration,
chlorlnatlon, filtration, and. flocculation.

Bench-scale tests indicated that the unit operations.
employed at the existing treatment system were ineffec-
tive in removing most PAH compounds. To resolve the
discrepancies between the first onsite test and the

vbench-scale results, a second onsite test was conducted

in 'December 1982. The results of the second. onsite@
test corresponded well with bench-scale results. It
was.concluded that the unit operations employed at the

" .existing treatment system are not adequate to provide

PAH removals for a potable water treatment system at
SLP- 15

‘ Water-samples were obtained at various'points in the

potable water supply and distribution systems in St. Louis
Park and three surrounding communities, and analyzed

for PAH and other coal tar derivative compounds. St. Louis
Park's existing water cuality is comparable with that

found in surrounding ccmmunities.

A series of bench-scale tests were conducted using water
from SLP-15. The purpose of the bench-scale testing
program was to identify a cost-effective water treatment

'technology to achieve acceptable removals of PAH and

other coal tar derivative compounds. The bench-scale
tests were conducted -in: two rounds:

o) Round~1 was conducted under very conservative condi-

“tions (high dosages, long retention times, etc.)
to quickly determine whether a given technology
could achieve compliance with treatment goals.

-
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- features of each system. Based on both cost and

o Round' 2 was conducted only on technologles which
met the treatment goals in the first round tests
" and was designed to refine probable operating
condltlons.

Only three technoiogiés tested during the bench-scale
testing program met the MDH treatment goals:

© . Granular Activated Carbon (GAC)

.0 Ozone/Ultraviolet (0,/UV)

o Hydrogen Perox1de/Ultrav1olet (H, O /UV)

Conceptual de51gns were prepared for full scale treat-

ment systems using each of the above technologies. -
Comparative capital and annual O&M costs were estimated

for each system, as well as a discussion of the heasth_

technological considerations, GAC was selected for

-pilot-scale testlng.

A 42-day pilot-scale. test of GAC was conducted at SLP-15.
Based on the results of the pilot test, design .criteria

‘were developed for a full-scale GAC treatment system at

SLP-15. The pilot-scale test was adequate to provide
system design criteria, but could not be run long enough
to accurately define carbon adsorption capacity in a
full-scale system. Based on information gained in bench-
and pilot-scale testing, a range for expected carbon °
adsorptlon capac1ty was developed

To prov1de a -common basis for evaluating water supply
alternatives for St. Louis Park, the following objectives
were established for each aTternatlve under con51deratlon.

© . Total supply capacity of 3,400 gpm
- 1,200 gpm year-round usage
- 2,200 gpm "peaking" usage, three weeks per
year
S Restore pre- 1978 capac1ty
'o_ Water cuallty equivalent to pre-1978 water quality

in St. Louis Park
Three water supply alternatives were identified:

o-. Alternative No. 1 - Treat SLP- 15 (with GAC) for
.-Potable Supply and Start Up SLP-7 and =9.

o Alternative No. 2 - Install Interconnection with
City of Minneapolis Water Distribution System.

o Alternative No. 3 - Install Wells in Mt. Simon/
- Hinckley Aquifer.
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Capltal and annual O&M cost estrmates were prepared for

~each alternative. Relative advantages -and disadvantages

of each system are discussed. -The ¢costs of the.three

:alternatlves are - summarlzed -as follows--

Amorltlzed Annual Totalr

© Alter- Capital Capital o&M - Annual-
native’ _Cost =~ = . _Cost - _ Cost. Cost.
1 s 761,000  .§$ 76,800 $152,100 . $228,900.
L _ to” 275 000 to 302,500
2 250,000~ 25,200 833,000 858,200
3 1,870,000 188;700 | 122,900, 310,700
f?13. Alternative’'No. 1.- Treatment of SLP 15-for ‘Potable
Supply . ‘and Start Up SLP-7 and -9 ‘is recommended for
1mplementatlon at St. LOUlS Park.
'In addltlon to belng the most cost-effectlve alternative
for: restoratlon of ‘water supply capaclty to St. Louis
Park, the recommended alternatlve- : '
o Provzdes gradient control beneflts to prevent mlgra-
' ' tlon of the contamlnant plume.
e Provrdes for treatment and benefrcxal use of conta-
mlnated groundwater. :
14, A conceptual de51gn is presented for the recommended o
: lGAC treatment system at SLP 15
GLT233/2 R
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_ .'E Sectlon 2 -
e LITERATURE SEARCH AND TECHNOLOGY ASSESSMENT

CH2M HILL conducted a search of technical literature for
information to assess technologies which are applicable for
the removal of PAH compounds and other coal tar derlvatlves
4from groundwater. : S

'LITERATURE SEARCH

The llterature search was conducted through both CH2M HILL s
in-house technical library. and two computerized data bases.
The 'in-house literature search produced articles from recent
technical journals,_as well as selected publications from
‘the U.S. EPA. - '

The computerlzed llterature search was conducted by spec1fy-
ing key words and/or combinations of key. words, e. 9. "poly~-
nuclear aromatic hydrocarbons, "aromatic amine," "wood preser-
vatlves, etc., : : o

This search produced approximately 280 sources. Each source
included an abstract which was reviewed to determine if the
literature was relevant to the ‘'situation at St. Louis Park.
After review of the abstracts, 41 sources were reviewed in
complete ‘form, either as copies of articles or bound reports.
" Unless the- artlcles related directly to treatment/removal of
PAH's, they were not included in the blbllography prepared
as part of the llterature review,.

in addition to the llterature searches, equipment and'chemi-
- cal manufacturers were contacted for information relevant to
‘the St. Louis Park situation.

TECHNOLOGY ASSESSMENT -

Infcrmatlon collected durlng the llterature search .indicates
that numerous types of water treatment technologies have
been evaluated “for PAH removal/destruction. 1In addition to
technologies tested by others, CHEZM HILL evaluated several
technologies:that have been, or could be, used to remove
organics from water. This review was intended to summarize
pertinent features. of water treatment technologies and to
describe the ratlonale for the selection of technologies for
'bench scale testlng. '

Selected features of the water treatment technologles evalu-
ated for St. Louis Park are summarized in Table 2-1 and de-
-scribed in the following paragraphs. :
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fTresteent Process .

Piynsical/Chealical Stpg- ration

o Alum or Lime Precipitation
.o Filt:ation

o Air Stripping

o Golvent Extraction

Adsorption

o Granular Activated Carbon
{GAC)

o Powdered Activated Cllbqn'

o Nonlonlc'll'ut-;roellwln Resin

o lon Exchange

Chenical Oxlidation

o Ozone
o Hydrogen Peroxide

o Chlorine

(R SERFALE]]

Tahle 2-1

CORPARIGIN OF TECHNOEOGIES PUTENTIALLY APPLICARLE .
FOR REMWAL OF PAI AND OTIEK (OAL TAR DRRIVATIVE COMPOUNUS FittM GROIDEMATEN

Range of Ro-

ported Eftluent Probability of

Not Applicable to Trace Organic

Mot Applicable to Soluble Organic

’;lbt_lwllqlbla to Trace low Vola-

. Agplicable only to ihon Separs-

Lioca of Organicsy No Known Appli-

Mwl__'ptlullh.owu_o.n or "Chrom-

Benzola)Pyrene Reported hesistant

-Cqul-!llly Concentsations Achievable low  Relallve Potentisl Types and Relative
of Equlp- ot Selected PAH ng/1 PRAH Capital Relat ive Operating Volumes of .
Required Cospoundy Concentrations . Cost 04N Cost Problems . Resldues Gonerated ‘Comments
Low .- L 1R} Low low None large Volume of -Pnclpl-
N tation Sludge Requiring Resoval
Disposal e
Moderate -~ Ni) Hoderate Noderste None Laige Volume of Backvash
water and Sofids Requir- Remaval
, ing Disposal o
low - M Nodcrate Moderste Release of Vapor Potential Atr Contamina-
- . Bearing Off Gases tion © tility Organic Removal
Hodarate -- T Cwn High Wigh Bolvent Beparation Dilute Contaaninalsd So)-
. and Nandling veat llequll'llng.hnl-nlllt
or Disposal : : catlons for Drinking Nater
Treatment
Hodecale <. 1.0 ug/l to Righ Moderats Moderate Selective Compound Gpent Catbon Reﬁulrlng
“ < 1.0 ng/d Bu-luirouqh_ Dinposal or Regenerstion atographic Effect® Woy Allow
. o - (otfsite} . Early Breakthrough
low (see GAC) ’ High Woderate Moderate Separation md Dis~ Bpent Cerbon Requiring Requires ﬁpln!lon 'hchnolq'
: posal af Carbon Dlsposal e K .
Modecate *100% Re-ovql' Koderate Noderate Moderate  Resin Regeneration Dilute &ﬁeneuip B:iﬂullnn Hever. _Awlh;l to N_I-I-Sc.la
Reported (sce text) to High and Treatment of ~  utlon kequirting Treatment Treataent Systes
Regenerant’ . ’ .
Moderate .- NIl Moderste  Moderals -- -- Not Applicable to Monpolar Or-
ganic Compounds
High 12.0 ug/1 Hoderate Righ High Potential Genera- None
tion ol Toxic Re- to 0,
action Producls
Low - Moderate low High Potential Genera- None React lon Chemtstry Similar to
tion of Toxic Re- ) Oz0ne
action Products
Hoderate 11.0 ug/1 Low llodn:l.-te Moderate  Polential rmnré- None Chlorination Generates Chiaoto-

tion of Toxic Re-
action Products

Subst ituted PAH Compoumis



RN

Range of Re-
ported Effluent

Tahle 2-1 (Continued}

Probability of

Chlorination Oxidation Generates
Chloro-Substituted PAH Compounds

UV Radiation Reportedly Reduces
Reaction Tise Regulred Compared

Pretreatment Required to Minielze )

Mesbrane Touling. Mo Operating

Low Probability of Removing FAH'S

Complenity Concentrations Achievable Low Relative Potentlal Types and Relative .
Treatmenl Process of Equip- of Selected PAH ng/1 PAH Capital Relative Operating Voluoes of
Type and Description Requited Comp Concentrat ions Cost 0K Coat Problems Residues Generated Comments
o Chloride Dioxide High < 0.01 ug/} Boderate High Boderate  Gas Reported React- None
ive and Unstable.
. Potent 1al Generation
. ot Tonic Reactlon
Products”
" o Uzone with UV High 2.0 ug/l High . High High Fotentfal Genaration None
of Toxic Reactlon
Products to Ozone Alone
o Hydroyen Peroxtde with UV High < Io& ng/1) High High . High Potential Generation None UV Rediatton Prosoles Hydroxyl
of Toxlc Reaction Radica) Formation
Products
Bembrane Separat lon
© Reverse Osamosis Hoderate - Hilgh High High Meabrane Fouling Woderate to High Voluse
’ Reject Streas Requiring
Separale Treatecnt Data on PAIl Removal Avatlable
o Ultratiltration High - Low Moderate Moderate  Wesbirane Foullng Sasll Volumse Rejoct Stream
Roquiring Separate Treat- but Ofters Signiticanl Fiocess
went Advantages
o Electrodialysts & Dialysis ~ High .- N1l High High -- -- Not Applicable to Nonpolar
. Organic Compounds
Blolugical Treatment
o Actlvated Sludge and Simllar Moderate 0.18 to 0.04 ug/) ' Koderate Moderate  Cannot Operate ‘on Significant Volume of Mot Applicable to low Organic
Blologlical Processes Wastevater Treat - Low Coucentiationg Waste Blnlloqlcal Potable Water Treatment .
sent Applications Urganic to Wastevaler Growth :
Applicable .
nly

GLT233/15-2



"Physicai/ChemicaliSeparation

Chemical precipitation with alum or lime is generally used
for the removal of suspended solids and-certain ionic chemi-
‘cals from water. There are several reports of some PAH re-
moval by alum or lime precipitation followed by settling and
filtration. 1In these cases, PAH removal probably occurs by
adsorption of the organic molecules to the. inorganic precipi-
tate .and/or removal of PAH's associated with particulates.
Alum or lime precipitation is not considered applicable to.
the removal of trace organics dissolved in groundwater.
However, chemical precipitation could potentially be required
as part of a pretreatment process upstream of other unit
operations, . -

Slmllarly, flltratlon, alone or following chemical precipi-
tation, is not applicable to the removal of trace soluble.
organics, but might be considered as a treatment process to.
remove .the fraction of PAH's associated with partlculates.tw*
Filtration might also -be considered in combination with an
adsorption process where it might be used to separate adsor-
bent from the treated water.

Air stripping is used to separate relatlvely volatile pollu-
tants from dilute water solutions. " Air stripping has been
used for industrial wastewater treatment on pollutants such

as phenols, mercaptans, and chlorinated hydrocarbons. From

an examination of the vapor pressure and Henry's constants

for PAH's, however, it is clear that the majorlty of PAH
compounds, espec;ally the carcinogenic spec1es, are not easily
removed by air stripping. Therefore, air stripping was not
considered applicable for thée removal of trace, low-volatility
organics and was not considered further.

Solvent extraction dissolves organic pollutants from water

by mixing the water with an organic solvent into which the
pollutant will preferentially dissolve or partition. Sol-
vent extraction is economically feasible in cases where reco-
very of a valuable product is possible but has never been
applied to water supply treatment. This technology was drop-
ped from further consideration.

"Adsorption

Activated carbon has found widespread application in the
treatment of drinking water for the removal of trace concen-
trations of organics. Generally, activated carbon is most
effective for organic pollutants having high molecular weight,
and low water .solubility, polarity, and degree of ionization.
It .has been reported as an effective adsorbent for polynuclear
aromatic hydrocarbons.

Numerous studies have reported data on the performance of
activated carbon for removal of pure compounds dissolved in
clean water. However, the performance of activated carbon

2-4
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* for mlxtures of organic pollutants is somewhat unpredictable
because of preferential or competltlve adsorptlon behavior. .

Activated carbon is available in granular or powdered.form.
The'major difference between powdered and granular activated
carbon is the equipment required to handle the carbon. Unlike
granular ‘activated carbon, which is held within a contacting
column, powdered activated carbon (PAC) is mixed into the
flowing water stream and requires a separation process such
-as sedimentation to remove the carbon from the treated water.
-Furthermore, more powdered carbon is required to achieve ‘the
‘same removals that granular activated carbon achieves. Granu-
lar activated carbon has been the subject of a great deal of
research for the removal of PAH's and was considered to have

a high llkellhood of ach1ev1ng de51red effluent goals.

Although PAC had been tested by previous researchers, CH2M HILL
elected to concentrate -on GAC in this studj This was done
because.

o] Application of PAC directly to sand filters (as
was done in the brief pilot studies) is inadvisable
in a permanent-inStaIlation bécause:

- 1ncreased head loss across the filters

- decreased run timé between filter backwashes .

- potentlal carbon pass-through to the distribu-
tion system

- backwash carbon could potentially cause plug-

ging problems if discharged to the sewer (as
~is done with existing filter backwash)

A full-scale PAC system would, therefore, require:

- carbon slurry and feed system

- carbon contact tank, with mixer

- carbon €larifier :

- potentially a flocculant mixing and feed sys--
tem to enhance carbon sedimentation

- spent carbon slurryv pumps and disposal system

- booster pump statiocn

‘0 ° In comparison to a full-scale GAC system, a PAC

system:

- ‘would be roughly comparable in capltal cost

- would have higher carbon costs to achieve the
same removal of PAH's "

- has more operator duties {mixing carbon, m1x1ng
flocculent, pump adjustments, etc.)

- has more pieces of equipment requiring mainten-

- ance
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- is more prone to operator error (i.e., forget-
ting to .mix carbon or flocculant)

-  would require more frequent analysis of effluent
water quality
- could generate plugglng/abra51on problems in-

pump and/or piping
- would probably require flocculant thereby
- increasing O&M cost

Synthetlc resins are also used to separate organic compounds
from water. These resins are typically a hydrophobic mate-

--rial such as a polystyrene co-=polymer which is very porous

and adsorbs nonionic and relatively insoluble organic pol-
lutants such as: PAH compounds and other aromatic organics. -

‘When the resin capacity is exhausted, the resin must be rege-

nerated chemically or.dlscarded Although these resins are
chemically similar to ion exchange resins, they are . nonlonlc.

Ion exchange processes utlllze charged resins to preferentially
remove ionic. .species. Removal of specific ions depends on
resin chemlstry and regeneration methods. Ion exchange, as
such, is not applicable because PAH compounds are. nonionic

and relatlvely nonpolar.

Chemlcal Odeatlon

Chemical oxldatlon of organlcs in water involves a chemical
reaction between the organic molecule- and an oxldlzlng chemi-
cal. The reaction may oxidize the orlglnal organic molecule
to a harmless compound, or may generate a different compounds,
possibly even more toxic than the original material, depending
on the original molecule, the type of .oxidant used, and reac-
tion conditions.

Ozone (0,) is the triatomic form of oxygen (O,). ._Ozone 'S
chemical”structure is “inherently unstable and results in
powerful oxidizing potential. Ozone has approximately 1.5

“times the oxidizing potential of chlorine. K Oxidation of

organics in water by ozone is normally carried out in a con-
tact tank similar to a chlorine contact basin in whlch ozone
is bubbled through a diffuser system.-

Recent developments in ozone—generatlng equipment have reduced-
operating costs of ozonation to near that of other chemical
oxidants, but capital costs associated with an ozonation .
syvstem are high. Ozone must be generated -at the po;nt of
use., -

Hydrogen peroxide (H,0,) is'a-strOng oxidant ' frequently
used in the chemical industry and in waste treatment. ' The
effectiveness of hydrogen peroxide on organics other than
phenol is .not well reported.

2-6
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Chlorlne (Cl ) is perhaps the most commonly used oxidizing
agent for: wastewater treatment in the United States. The
technology of chlorine shipment, handling, measurement, and
application.'is well established and relatively reliable.

PAH removals have been reported in a. number of full-scale
~water treatment plants employing chlorination. . Available
data, however, do not define how much of the removal is attri-
" butable to phy51cal removal of solids rather than oxidation

of soluble PAH's.

The use of chlorine to oxidize PAH compounds may generate a
variety of chlorinated aromatic and allphatlc compounds.
These oxidation end-products may also require removal be-
cause of their known or suspected toxicity.

_ Chiorine dioxide has been used experimentally to oxidize ‘PAH
and phenollc compounds in water. Chlorine dioxide is an
unstable gas which, like ozone, must be generated onsite.
=Several'chlorinated reaction products have been identified
from the oxidation reaction of PAH compounds with Cl0,.

Ozone has been used in combination with ultraviolet (UV)

radiation for oxidation of organics in water. The UV radia-

tion enhances the. formation of chemical species which have a

higher 'oxidation potential than ozone alone. This technology

Was'judged to have the potential of being superior to ozone

~ in oxidation performance while retaining the advantage over
chlorlne of no formatlon of chlorinated reaction products.

Oxxdatlon of organics in wastewater by hydrogen peroxide
(H,0,) and UV radiation has also been reported. A propriet-
arv process by ‘Enercol, Inc., utilizes cavitational shock,
an organic catalyst, and UV radiation to form. hydroxyl radl-
. cals- (OH') from hydrogen peroxide. The hydroxyl radicals
are a very powerful oxidizing species which react with organic
molecules, especially by reaction with single hydrogens on
the carbon chain or rifig. No specific performance data .on
the oxidation of PAH compounds with this process are avail-:
able.  Like ozone, hydrogen peroxide with UV racdiation was
judged to. have the potential of being an effective oxidizing
system without the problem of chlorinated reaction products.

- Other oxidants include perranganate; chromate, bromine, and
persulfuric acid. None of these chemicals were con51dered
sultable for further investigation.

| Membrane ‘Separation

Several membrane processes were reviewed. Reverse osmosis
(RO) involves the application of external pressure to a solu-
tion in contact with a semipermeable membrane. The pressure
forces water through the mermbrane while soluble and insoluble
constltuents such as organlc molecules are excluded or
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"rejected." ‘Reverse osmosis may be thought of as an extremely
fine filter which allows water and similar small molecules

to pass but retains larger molecules dlssolved in the solution,

Reverse osmosis has been reported in the llterature to re-
move a wide varlety of soluble organics from water. No data
were found to document removal-rates for PAH's, but based on
the size of PAH molecules, it is likely that removal rates
would be high. RO is a proven technology in use for both
1ndustr1al productlon and waste treatment.

Ultraflltratlon is 51m11ar to reverse osmosis except that
the membrane pores dre larger and the operating pressures
are lower. No reports of ultrafiltration applications for
the removal of trace organlcs could be found. Based on pore
size, ultrafiltration is not likely to. be effective on dis-
solved PAH golecules, which - have an approximatée molecular
size of 10 ° mm. Unless the PAH molecules agglomerate and
form micelles, PAH compounds are likely to pass through the
ultrafiltration membrane. However, ultrafiltration does
offer the process advantage of a small "reject" water flow
relative to RO.

'Electrodlaly51s and dialysis are both membrane separation
‘processes. In electrodialysis; the membrane acts as a selec-
tive separation barrier or "sieve" while the driving force

is electric potential. Electrod1a1y51s is applicable for
separation of charged ions but is not applicable for the
separation of nonionic organic compounds. In dialysis, the
membrane also acts as a selective solute barrier while the
‘driving force is a concentration difference. Dialysis is
applied where large concentration differences can be set up

to recover relatively small ions or molecules, not for separa-

tion of extremely dilute, high molecular weight organlc com=-
' pounds. _

Biological Treatment

Activated sludge is a commonly used method of wastewater

' treatment. "It consists of a mass of various microorganisms,
clustered in small partlcles, and suspended in aerated waste-
water, which consume organic matter in the wastewater. Actl-
vated sludge is not appllcable for St. Louis Park because

the. concentration of organics in the water is far too low to
support the quantity of organisms required to operate a treat-
ment system.

SELECTION OF TECHNOLOGIES FOR BENCH-SCALE TESTING

Technologies selected for bench-scale testing were divided
into three categories:

.o‘



o Category 1. Demonstrated technologles with high
probaEillty of success and no known reaction prod-
ucts requlrlng treatment.'

o Category 2. Demonstrated technologles with good
' probability of success but yielding reaction prod-
ucts’ or residue requlrlng further treatment.

o  Category 3. Attractive technologies, not demon-
- strated, with a low probability of success but
major potential process advantages.

Category 1 Technologies

These_technologies'include oxidation and adSOrption.processes.
Oxidation |

Ozone and hydrogen peroxide,.-both alone and with ultraviolet
radiation were considered.for bench-scale testing. Both
'oXidation processes -have been shown to oxidize organics ‘dis-
solved .in ‘water. Further, neither technology produces chlori-
nated reaction products which could require further treatment.
These oxidation systems may produce other reaction products,
of which the tox1c1ty is not oresently known or reported

Adsorptlon_.

Granular activated carbon is known to remove PAH's from water.
Thermal" regeneratlon of granular activated carbon destroys
‘adsorbed organics and ylelds a carbon ready for reuse with-
out generatlng a residue or sludge reculrlng further treatment.

Category 2 Technologles

These technologles 1nclude ox1datlon, membrane separation
and adsorption processes.

Oxidation

Category 2 oxidation processes considered for bench-scale
testing were chlorination ‘ané chlorine dioxide. Both proces-
ses are known to oxidize PAH cempounds. However, both reac-
tion processes are also known to produce a variety of chlori-
nated reaction products which may also be tox1c and requlre
further treatment ‘for removal

Membrane-Separatlon

Reverse osmosis (RO) was considered in Category 2 because it

- is;likely to work but genérates a relatively concentrated

waste.or_ﬁreject" stream which contains the organic pollut-
ants and may be as large as 20 percent of the total flow



T through'the treatment system. If conventional oxidation and
(’ . "adsorption technologies achieve adequate PAH removals, RO
- was judged to be too expensive for further consideration.

Adsprpt;pn'

- The .adsorption technology selected in ‘Category 2 was synthetic
resin adsorption, which is reported to be effective. in remov-
ing-high concentrations of PAH compounds. However, resins
require either disposal or regeneration after their adsorptive
capacity is exhausted. Regeneration requires a solvent to

" remove adsorbed organics. This regenerant constitutes a
contaminated residue requiring final disposal.

Caﬁeééry.3 Technologies

- Under Category 3, the only technology considered was ultrafil-
. tration. As discussed previously, ultrafiltration is not
‘likely to be effective on dissolved PAH molecules which have
an approximate molecular size of 10 -~ mm. However, ultrafil-
" tration generates a very small "reject" stream relative to
RO. If ultrafiltration at the smallest pore size is effective,
. it would present the advantage of a smaller "reject" stream
" than RO. ) ‘

~ Since bench testing of ultrafiltration is performed using
the same general test apparatus as RO, it appeared prudent
to run some -tests of ultrafiltration even though the proba-
bility of success was judged to be low.

- REFERENCES

Material discussed in.this section is presented in detail,in:
Technical Memorandum A/B. Specific recommendations for bench-
.scale.;est;ng,workﬁare included in Technical Memorandum F. -
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I | B Sect:Lon 3 - '
-.ﬂ WELL SAMPLING AND ANALYSIS PROGRAM

ANALYTICAL METHODOLOGY

' Groundwater under St. Louls Park contains trace concentra-
tions of Polynuclear Aromatic Hydrocarbons (PAH) and other’
.coal tar derivative compounds.- The degree of groundwater
contamination in various municipal and/or monitoring wells '
ranges from a few nanograms per liter (parts per trillion)
-to several micrograms per liter  (parts per billion). One
monitoring well located in the bog area south of the former:
Reilly site contains several thousand milligrams per liter
(parts per mllllon) of PAH compounds.

Since 1978, when the MDH began a very sensitive groundwater
analysis using High Performance Liquid Chromatography (HPLC) ,
a number of researchers have measured PAH compounds in ground-
water samples from the St. Louis Park area. Prior to this
study, analytical work was conducted with HPLC and Selective
Ion Monitoring (SIM) techniques using Gas Chromatography/Mass
Spectroscopy (GC/MS). Both of these techniques yield detec-
tion limits of parts per trillion for specific compounds,

but analyses were limited to specific compounds "targeted”
'by the various laboratories. During the course of histori-
cal test work, different compounds have been "targeted" by
different laboratories.

During the early phases of this study, CH2M HILL developed a
modified GC/MS testing protocol which permits identification
of. all base neutral compounds in the low nanogram per liter
range. The method developed is a modification of EPA

Method 625 and is described in detail in Technical Memoran-
dum C in Volume 2 of this report.

Before analytical .test work was begun on water samples from
St. Louis Park, CH2M HILL's laboratory conducted a Method
Validation,Study'under;the directiocn of EPA's Environmental
Monitoring. and Support Laboratory in Cinc1nnat1, Ohio. This
study confirmed the valldlty of the new test procedures and
established Method Detection Limits (MDL) for a number of
compounds to be targeted by CH2M HILL during this study.

The list of target.compounds was established by MPCA and EPA
prlor to the Method Validation Study and includes six carcino-
genic PAH, 14 "other" PAH, five nitrogen heterocycles, one
sulfur heterocycle, and three miscellaneous compounds.

Chromatograms from.all analyses ‘conducted durlng this study
are:permanently filed for recall on CH2M HILL's computer.
If gquantification of nontarget compounds is desired at some
future date,: method detection limits can be established for
additional compounds and the tapes recalled for analysis.
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(On two occasions during this study, tentative identifica- 7
tions were made of all major nontarget peaks in chromatograms.
See Technical Memorandum D.) Pl '&wfkuh

WELL SAMPLING AND.ANALYSIS

St. Louis Park is underlain by a number of aquifers. Figure 3-1
illustrates the stratigraphic sequence in the area. Figures 3-2,
3-3, and 3-4, illustrate the locations of wells sampled and.
-analyzed by CH2M HILL during thlS study.

During each of two sampling rounds, water samples were drawn
from each well (monitoring Well No. W13, located in the bog

area south of the Reilly Site was sampled only in the first

round) -and shlpped to CH2M HILL's laboratory in Montgomery,

Alabama.

Additional samples were obtained from SLP-lS_during'analysis
. of the existing iron removal system and during bench- and
pilot-scale test work, as described in Sections 4, 6, and 8.

All well water samples were analyzed for the base neutral
compounds ‘listed in Technical Memorandum C. Following the , 1
first round of sampling, three‘aromatic amines (aniline, -/
.l-aminonaphthalene, and 2-aminobyphenyl) and one oxygen heter-
ocycle (dibenzofuran) were added to the list of compounds
targeted in analysis.

In addition to PAH analyses, several well water samples were
analyzed for acid fraction compounds, total organic carbon,
volatile compounds, and selected inorganic conpounds. Acid

and volatile compounds were generally absent. TOC in well
'water samples ranged from 4 to 10 mg/l. The concentrations
of inorganic compounds were comparable with historical tests
in the area. These miscellaneous tests are descrlbed in
detail in Technical Memorandum D.

MO

MPCA pr;glded CH2M HILL with all available historical PAH
andlvses on water samples from the same wells sampled during
this study. In addition, several analyses were conducted by
'EPA and/or Monsanto on samples split with CH2M HILL. All
analyses were summarized in chronological order to compare
CH2M HILL's results with historical test work and to assess
trends in water quality. These data summaries are presented
in -Attachment D-4 in Technical Memorandum D.

Due to differences in testing procedures, it is inappropriate
to directly compare CH2M HILL's analytical results with those
of other laboratories, especially when comparing total detected
concentrations of PAH compounds. Where specific compounds

are reported by several laboratories, however, the results

can be compared, subject to differences in testing proce-
dures. Available data indicates that the analytical
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technlque used by CH2M HILL yields 51m11ar results to those 5 k'.
(" ' . reported by other laboratories. The data suggest that HPLC SQ/}/
technigues are more sensitive to high molecular weight com-
pounds and less sensitive to the low molecular weight com-
-pounds. Data from other laboratories using SIM GC/MS tech-
niques are similar to those reported by CH2M HILL, especially
- 1f data are corrected for percent recovery of surrogate Splk-
-1ng compounds,

Table 3-1 summarizes well water PAH analyses conducted by
. CH2M HILL during this study. Whenever data obtained during
‘this study are. substantlally different than historical data,
a dlscu551on of water quality trends is 1ncluded

REFERENCES

' The materlal dlscussed in thls sectlon are presented 1n detall
in Technlcal Memoranda C and D.
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~ Well No.

‘W13

No. Samples.

Analyzed

Aquifer by CH2M HILL

Table 3-1
WELL SAMPLING DATA SUMMARY
(CH2M HILL Data Only)

* 'CH2M HILL DATA ONLY

Carcinogenic PAH's, ng/l.

Total Other PAll's

Low - High Average Low High

Average

Comments

W2 Middle Drift C 2

Middle Drift 1

w100 Platteville . 2
Prairie du - 2
cbe{n l((/\\/ ’

Jordan

Hopkins 3

SLP-4 Prairie du .8

cn;&n
Jordan

CLT207/65-3

LN

0 0 0 18 32

8 .
1.6 x 10 - -

1.25 0 19.2

63.1 111.7

222 436

25

2.6 x 10

9.6

87.4

319

(no carcingens).

Cbncentrations are lower than reported by
MRI in .February 1981. This well is rela-
tively uncontaminated. )

Water in this well (located in the bog area
south of the Reilley site) is extremely
contaminated. ‘Liquid pumped frpm‘ﬁell is a
2-phase mixture of water and cresote-like
material. ' o

No contamination 1s apparent in this well,

This well appears to be relatively clean
with only minor concentrations of PAH's
Canentfntiona of PAH's
are substantially lower than detected in
early 1981 when the well was shut down.

PAH concentrations were relatively stable
from 5/82 through 11/82, The well is con-
taminated slightly above MDH goal of 280
ng/1 total “other" PAH's, This well does
not have an iron removal system, but could
potentially be started up- and meet treat-
ment goals if an iron removal system were
installed and excess Cl_ (or ozone) used
as an oxidant, (see tech memés E and H
for PAH removal by oxidatfon.) Startup
of this well, however, would not meet
water supply goals (see tech memo O/P)
without aupplemehtal supplies of water

for peaking capacity. o




Well No.

Table 3-1 (Continued)

No. Samples CH2M HILL DATA ONLY
Analyzed Carcinogeni¢ PAH's, ng/l Total Other PAH's

Comments

SLP-5

SLP-7

SLP-9

SLP-15..

W10

. Aquifer

Prairie du

-_Cheln

Jprdnn

Prairie du

Ch;xn

‘Jordan

" Prairie du

Ch}*h
Jordan

Prairlg du
Chetin -
Jordan -

Prairie'du-

Chein
Jordan

"Prairie du

Chein
Jordan

GLT207/65<4 -

by CH2M HILL  Low High Average Low  High Average

2 0 0 © .0 3,253 17,416

3 0 0 - 0 75.4 122.9 101

5 0 0 ' 0 50.6 91.2 73

15 0 k1A 21.5 5,089 8,184 7,047

2 0 16.6 8.4 2,00 2,221 2,145

10,335

ClaM HILL's'analysea, as well. as historical
analyses fndicate wide fluctuations {n water
quality at this well, This could be due to
its proximity to the site and varied
stresses on the aquifer. Insufficient in-
formation is available to draw conclusions,

This well does not appear to be heavily. .

. contaminated at this time. Only one histor-

ical analysis (7/81) exceeded MDH water
quality goals, '

This well does not appear to be heavily con-
taminated. No historical analyses have
exceeded MDH water quality goals.

This well exhibited high and fairly uniform
levels of PAH throughout the period of this
study. The lowest PAR concentrations were
measured on the 2nd day of a pump test by
ERT, the higheat concentrations during CH2M
HILL's pilot studies when pumping rates were
very low. : '

This well exhibited moderate and stable con-
centrations of PAH contaminatfon.. ’

This well 1s only slightly contaminated
with PAH's, .




B section 4
"EVALUATION OF EXISTING WATER TREATMENT SYSTEM AT SLP 15

BACKGROUND

Two of the municipal wells in St. Louis Park (SLP-10 and
-15) which have been shut down were formerly served by an
iron removal water treatment plant.

Figure 4-1 illustrates a simplified schematlc treatment pro--
cess at the water treatment system at SLP-15 (and SLP-10).

The iron removal facility is currently operational, serving
SLP-3 and SLP-11 which are not contaminated with PAH's.

One of the goals of this study was to determine whether the
unit processes employed at the existing treatment plant (chlor-
ination, aeration, flocculation, filtration) are effective

in removing PAH compounds.

FIRST ROUND ONSITE TREATMENT INVESTIGATION

On September 15, 1982, SLP-15 was started up and contaminated
water was passed through the treatment system (SLP-3 and -11
were shut down for the duration of the test). Grab samples
at intermediate points in the treatment system were obtalned
for analysis.

Table 4-1 illustrates PAH concentrations found during this
round of testing.

The laboratory staff reported that two of the samples "con- :y,;;f
tained considerable particulate matter which had the appear-

ance of carbon." (Powdered activated carbon (PAC) has been ?wy
injected at SLP-15 several times in the past, but had not

been added for some time prior to this test. SLP-11 discharges

into the same pipeline as SLP-15 and had been run continuously

since the last PAC addition.) Although'it is possible that

the. particulates noted by the laboratory staff were carbon,

no explanation is readlly apparent for why it appeared during

‘this test.

The first round of investigation of the existing iron removal
system at SLP=-15 was very promising. Although the MDH goal
of 280 ng/l total "other" PAH"s was not met, approximately

80 percent removal of PAH compounds was measured across the
system.

BENCH-SCALE TESTS

After the first round of investigation at the existing treat-
ment system at SLP-15, CH2M HILL recommended additional bench-
scale tests to define the mechanism of PAH removal in the
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Table 4-1

FIRST ROUND ONSITE. INVESTIGATION
EXISTING TREATMENT SYSTEM AT SLP-15

Sample Locatlons_

'SLP 15" Wellhead

After Aeratlon.
After Aeratibn and Chlorination

2 Days after Aeration, Chlorlnatlon,
and Filtration '

5 Days after Aeration, Chlorlnatlon
and Filtration :

Total "Other"

paE?, nq/1

6,610
3,329

2,698
1,172

879

not concentrate the samplés to the degree necessary to’
Because the
detectlon limits were hlgher than in later tests, no car-

achieve extrémely ‘low PAH detection limits.

c1nogen1c PAH' s were detected
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existing treatment system (see Technical Memorandum F).

Although similar knowledge could have been’ gained from extended
test work at the full-scale treatment system, it was believed
that closely controlled bench-scale tests would be more appro-
priate to define removal mechanisms and to gain a better
understanding of which unit operations actually achieve PAH
removals.

As a part of the bench-scale testing program, aeration, chlori-
nation, flocculation, and filtration were tested (see Sec-

tion 6). In contrast to the results of" the first round of
testlng at the existing treatment system, PAH removals measured
in the laboratory were relatively poor. - Ohly chlorination

. (at high dosages) resulted in significant PAH removal, but
still did not achieve compliance with the MDH goal of 280 ng/l
for total "other" PAH compounds.

Because of the discrepancies between the first round of field
testing and the results of the bench testing program, a second
round of field testing at the existing treatment system was
‘recommended.

SECOND ROUND ONSITE TREATMENT INVESTIGATION

The purpose of the second round onsite . investigatibn {conducted
on December 17, 1982) was to resolve the discrepancies between
the first round onsite investigation and subsequent bench scale
tests.

During the second round investigation, the following samples
were collected:

0 SLP-15 at wellhead
o Saﬁple immediately upstream from aeration

-0 Sample after aeration and chlorination (with stan-
dard air and chlorine injection rates)

o Sample at the sand filter outlet (with standard
air and chlorine injection rates)

o] Sample at the sand filter outlet (with air and
chlorine gas flows turned off)

o] Sample after chiorination,and aeration (with maxi-
mum air and chlorine injection rates and with pres-
sure in the system elevated)

'Table 4-2 summarizes the conditions for each of the "above

samples. Table 4-3 summarizes analytical test results from
the second round investigation.
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Table 4-2 ' L - S e

‘ST. LOUIS PARK WELL 15
FIELD DATA
December 7, 1982

Chlorine Pressure Dissolved

. o . .Aeration . Set;Point ~at Filter Inlet Oxygen' - _Saméle#
Time Location . 1b air/24 hrs (1bs/day) _ - (1bs/sq in) = . mg/l . Collected
0830 Well Head Sample 1 .' '  - ‘ - o ~: - | S .3;2L P§H
1145  Filter outlet Ped 3 0 00 o 9.9 . 0.2 1 2L PAH
1347  Rir Inlet - _ | — e L -—;_.' 1 2L pPAH
1348 Filter Inlet | o0 s ‘10 i_n'. 12w pa
1349 Filter Outlet Bed 1 20 15 | 0 1.5 1 2L PAH
1845 éilter Ihlet B 100 _ 80 ' 18 | 0.8 1 2L PAH

GLT207/45-2
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o Table 4 3

SECOND ROUND ONSITE INVESTIGATION
EXISTING TREATMENT SYSTEM AT SLP-15

Total

o - _ Carcinogenic
Sample Location PAH, ng/l
SLP-15 Wellhead | - 20.3
Before Aeratlon o 20.2
'After Aeratlon & Chlorination
(Standard 03 & C1,) ¢ 18.5
After Aeration, Chlo:1nation - a
,&'Filtratidn (Std. 0; & CL,) -
' -After Flltratlon (No 0, Cl,;) _'l__a
After Aeratlon Chlorlnatlon &
Filtration (Max. O,, Cl, & a

Pressure) -

Total "Other"

PAH, ng/l

5,266
5,120

4,568
4,697

4,888

1,930

2a11 carc;nogenlc PAH's were below method detection

limits.

GLT233/14
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o The results of the second round 1nvest1gatlon correspond
ir well with the results of the bench-scale laboratory tests.
Results of the second round indicate:

o iA sllght decrease in total PAH ‘concentration occur-
' red during contact with air and chlorine at standard
gas flow rates.

o Removal of noncarcinogenic -PAH's through the sand
'fllters was not 51gn1f1cant.

o Carc;nogenlc PAH's were removed completely across
the sand filters, most probably due to adsorption
onto sand particles. Extended test runs and further
test work would be required to determine the mechan-
ism for removal of carcinogens across the filters'
and to determine whether such removals would occur

- after extended bed.contact with hlgh PAH concentra-
. tions.

o} At maximum air and gas flow rates, approximately.
60-percent oxidation of PAH"s was observed. Several
"specific PAH and heterocyle compounds, however,
were virtually unaffected. 'These results .correspond
- well with results of the bench-scale testing work.
Even at maximum gas flow rates, effluent gquality
did not achieve the MDH '‘goal of 280 ng/l total
other“ PAH's.

. SUMMARY

Overall conclusions regarding the existing treatment'system-
are summarized as follows:

o . Aeratlon and chlorlnatlon at "standaré conditions"
achievable at SLP-15 are 1neffect1ve for removal
of PAH compounds.

o . Aeration and chlodrination at the maximum gas flow
rates achievable with the ‘existing equipment achieve
enhanced ‘PAH removal, but several PAH and other
compounds are not effectlvelv removed. Even-at
maxxmum gas flow rates, the MDH goal of 280 ng/1l
total "other" PAH's was not met.

0 Sand filtration does not significantly remove most
PAH compounds nor other classes of base neutral
compounds. . ;

o Sand filtration appears to effectively remove carcin-

ogenic PAH's, but extensive test work would be
necessary to determine long-term removal rates if

-7 6624653




o hlgh PAH concentratlons were contlnuously passed
(T-'d: R _-through the filters.,

©° " The hlgh removal of PAH compounds measured in the
: ‘first round of testing.at SLP-15 cannot be explained
at this time. Neither bench-scale tests of similar
~ ‘technologies nor repeat tests in the field obtained
-similar results. It is p0551ble that a) sampling
errors, or b) carbon "contamination®" in the first
round could explain the high observed PAH removals.

- Observed removal of PAH's during:the second round
of testing followed bench-scale test observations
very closely. This fact supports conclusions drawn
from the bench testing program; that is, the unit
processes employed at the existing treatment system

. are not adequate to provide PAH removals for a
‘potable water treatment system.

REFERENCES

The material dlscussed in thls section is presented in detall
in Technlcal Memorandum E.
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BB section.5
WATER QUALITY IN NEARBY WATER SUPPLIES

At the direction of MPCA, CH2M HILL obtained samples and
analyzed potable water supplies in St. Louis Park and in’
three surrounding communities: Minneapolis, St. Paul, and
Plymouth, Minnesota. Two rounds of sampling and analysis
were"conducted ' : '

On November 16, 1982 grab samples were obtalned in the follow-
ing locations:

‘Influent to St. Paul water treatment system.
Effluent from St. Paul water treatment system.
Tapwater sample in St. Paul.

Influent to Plymouth water treatment system.
Effluent. from Plymouth water treatment system.
Tapwater sample in Plymouth.

Influent to Minneapolis water treatment system.
Effluent from Mlnneapolls water treatment system.
Tapwater sample in Minneapolis.

0O0O0OO0OO0OO0OOOO

Table 5-1 illustrates the analytlcal results from this samp-
ling round. The results generally 1nd1cate low concentrations
of PAH and other coal tar derivatives in surrounding water
supplies, but two anomolies were noted:

1, The tapwater sample obtained in St. Paul exhibited inordi-
nately high concentrations of phenanthrene and fluoran-
thene. " This sample had far higher total concentrations
of PAH's than did other samples. :

2. Two of the samples from Minneapolis (treatment plant
influent and tapwater) contained a yellow substance
which.coextracted during sample preparatlon, resulting
'in inordinately high detection limits. Sample contamina-
tion was suspected.

After consultation with MPCA, a second round of sampling was
conducted to further check the results of the first round,
ané especially to check the high PAH concentrations detected
in the St. Paul tapwater sample in the first round.

On'JanuarYHZO, 1983, grab water samples were'obtained in the
following locations: : ' _

o .,Effluent;from St. Paul water treatment system.
o Tapwater samples at two locations in St. Paul (both

samples in the same neighborhood as the tapwater
sample obtained in the first round). :

w
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Teble 5-1.
INAI.VS_HE OF SUNRIUNDEING \JATEI‘S"_l"l.l.'.s
, (Samples taken 11/16/02)
Note: ANl compounds found at leas than detectfon 1imit have been deleted

PARMETER.
(AV) VALUES IN ng/1)

5t. laul St. Paul 8t. Paul
Juf luent Elfluent Tap

Plymuuth
Influent

Plymouth .
Effluent

Plymouth Plymouth
~ Effluent Yap }

HrLS
Influent

__BEfluent Tap

ANALYSIS RY: CHZH HILL CHM HILL CHTN UILL CI2H 1L CHM HILL CH2M RILL CHM HILL

M HILL

CH2M HILL . Cu2» uILL

ANALYTICAL EQUIPMENT: . oc/us ocms ocims cc/ms oC/MS i cc/ms - CCMms

coims -

cc/ms oc/vs

!_A_!»!_‘IN‘DICATB CARCINOGENIC Hll) .

T WAPITHALERE T TN [ R | ¥
METITLMAPITHALENE 3.

Rota 1

9.1 Notel

" 2°WETIYINAPITHALENE _ . T T

3.4

MIHAPImIYlINE

ACENANH‘IIIZN!

— ANTURACENE » \

PIENANTHRENR s i.0

2.7

PYRENE -

140 4.3

l ? 6,7-TETRAHYDROPYRENE

lﬂlO(I)MIIMCEN!' 4.0
’ .

I!NTPIIENANTHIEN!

" QMYSENES

- !mm(ut}nmmm«zu:- - S i 9.4

nliu:n:

_ T mENzO( gsh, F)PERYLENE

INDERO(1,2,3-cd) PYRENES

O-PIENYLENEPYRENE . -

DIBENZO( s ,h ) ANTIIRACENE*

TOTAL CARCINOCENIC PAN'S . -- -- lS.hy -- .- - .-

TOTAL UTHER™ PANH'S ] 6.3 L 151 1.8 80,3

MITROGEN HETEROCYCLES _
ACRIDINE -

__CARMAZOLE 8 8.6

__INWLE ] o : [N 13,

"~ PuEnANmiRIDINE

~ quiiine : LY 7S B K 10 - e

SULFIM WETEROCYCLES

BENZO(b)THIOPHERE 1.0

DIBENZOTHI OI’H[NI

__2,-DUNYDRO-1- TNDENE _ 1.4

OXYGEN IIETEI(X:YCI.ES .

WISCELLAREOUS

T BIPIENYL : X ' TR

T3, 3-DuNDROTMDENE _ . 2.2

“INDENE

1.4

IN- YNDENE

2.4 -

. _'!'O‘I'\I. UTHER IAS! REUTRAL OOHI'OUNDS
ARGMATIC AMINES

_An ILINE

1 NONAPHTHALENE

T ”Illnllﬂlml.

WIE ); Cocntraction of a yellow substance caused fnordinately high detection Iimite In these eamples.



NON-RESPONSIVE

o .'Tapwater sample in the northwest corner of St.

Louis Park.
o  Effluent from the Minneapolis water treatment plant.
o Tapwater sample in Minneapolis.

Table 5-2 illustrates the analytical results from the.second
-sampling round. The two tapwater samples obtained in St.
Paul showed elevated PAH concentrations, but were well below
the MDH guldellnes for both carcinogenic and total "other".
PAH's. No problems were noted with the second round tapwater
sample ‘from Mlnneapolls, which contained very low concentra-
tions of PAH's and other measured compounds..

The extent of the potable water sampling program was limited,
but suggests the following:

© - The existing water supply in St. Louis Park (wells
- .which have not been shut down by MDH) contains
comparable PAH concentrations with treated water
supplles in nearby communities.

o ' For each community, tapwater samples contained
' higher PAH concentrations than did water treatment
plant effluent (or well water) samples.

©  One tapwater sample in St. Paul (November 1982)
'~ had PAH concentrations above the MDH treatment
goal of 280 ng/l total "other" PAH. Two confirm-.
ing tapwater samples (January 1983) had elevated
PAH .concentrations, but were well below the MDH
treatment godl. The confirming samples were obtain-
ed in the same neighborhood as the first sample.

o With the exception of the single tapwater sample
from St. Paul, all potable water supply samples
obtained from St. Paul, Plymouth, Minneapolis, and
St. Louis .Park met or exceeded the MDH treatment
goal for PAH concentrations.

GLT207/69
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PAMMETER . .. Tabte 5-2
(ALL VALUES IN ng/1) . ’ ANAL YSI_S OF SUKROUNDING VATER SUPPLIES
h ’ (Samples tuken 1/70/8Y)

ST. PANL  BT. PAIL. ST, PAIL . P HPLS HPLS

Eftluent  * Tap } Tap 2 SLP-8 SLP-8 Tap 1 Refluent Tep 1 .
ANALYSIS BY: CHM NILL CNZK HILL  CWZH UILL  CUZM HILL GHZH MILL CHZN HILL CH2M UILL  CU2M NIV,
ANALYTICAL EQUIPMENT ccMs . eems ccms occMms . cchs s cCms. oM
_PAIl (*1NDICATES CARCINOGENIC PAH) e
NAPHTHA a n . -
.9 -
___2-HEDIYLNARMULENE ] - e
ACENAPIMIYLENE e
- ACENAPITTUENE . 1.0 1.3 2.6 13
.. TLUORENE . 1.4 4.3 SEOUTURS. 7. B
__ANTURACENE .
N i FT) 9 1.0 Lo 99 1.0 1.0
. PYRENE _ 1.0 Y 1.0
- FLUDRANTIIENE 93 (3] 2.3 i 1.0
T PIENYLNATITHALENE ; :
1.0
CURVSENES - 2.3 1.0 3.0
BENZ0(USR ) FLUORANTUENES i
BENZO{a) PYRENES
... BENZO(e)PYRENE - e

FLUORANTHERES "

B _
BEnzi(g,h, 1) PER

__ Iwokdo(1, 2,
\F.

e

" TOTAL OTIER™ PAW'S 30,2 160.7 197.3 16.8 16.8 33.1 17,4 3.2

NITROCEN HETEROCYCLES ]

__ ACRIDINE' .
CARBAZOLE " 1. ) 5.0
INDOLE
PUENANTIIRIDINE

 __QUINULIKE

SIA.FUR NETEROCYCLES

2.0 1.0 1.0 1.0

DIBENZOTHIOPIIENE
OXYCEN NETEROCYCLES
L R X 6.9 7.0
M1 SCELLANEOUS
BIPHENTL _
3,>-viwmoinnwomee
1NDENE -
. " ""IUTAL OTHER BASE NEUTSAL COMPOINDS
: (o] - AROMATIC AMINES T

AR RENYL

o - e e = —_

C') WOTEs Al compounds found at lese than det_nunn llelt tiave been deloted. )
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,-.' Section 6

~

BENCH-SCALE TESTING PROGRAM

INTRODUCTION'

This sectlon describes a series of bench-scale tests performed
on water obtained from SLP-15 (PAH concentration in untreated
water of roughly 7,000 ng/l). The ultimate purpose. of the
bench-scale. test program was to identify a cost-effective:
water treatment technology to achieve acceptable removals of
PAH and other coal tar derivative compounds. “Bench-scale
tests were performed as a first step toward developing:

1) a pilot-sale test program and 2) de51gn criteria for a
full-scale treatment system.

BENCH TESTING RESULTS

. Prior to testing, technologies had been identified in a liter-
ature search and technology assessment (see Section 2). A

two-round test: program was designed. The first round was

which technologies could achieve compliance with the Mlnnesota
Department of Health treatment goals for PAH compounds in
potable water, as summarized below:

o MDH Treatment
. PAH Category -Goal

'Carcinogenic PAH's, total -+ 28 ng/l
All other PAH's, total 280 ng/1

Round two testing was conducted only on technolecgies which
met the treatment goals in the first round tests and was
designed to identify required dosages, loading rates and
detention times in greater detail.

Granular Activated Carbon (GACQC)

Activated carbon treatment worked well during round one iso-
therm testing. Five carbons were tested and all of the car-

- bons removed total PAH's to below 70 ng/l at a 25 mg/l dose.

Even though adsorptive capacity of the five carbons was about
the same,_ the Calgon, Westvaco and ICI carbons produced the
lowest total PAH concentratlons in the effluent.

. Calgon and Westvaco granular activated carbon were selected

for .column’ testlng in round two. Carbon column tests produced
effluents with total PAH concentration less than 30 ng/l
after 100 bed volumgs of water had passed through the column.

(<)}
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" conducted under very conservative test conditions (high dosage,
' long retention, etc.) and was designed to guickly determine
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' Macroreticular Resins

Isotherm tests with three macroretlcular resins yielded very
poor results in round one with v1rtually no removal of PAH's.

Ozone-UV and peroxide-UV were the only two oxidation tech-
nologies that met treatment goals in the screening round.
Ozone-UV at 10 mg/l and l-hour contact time with UV produced
the best quality effluent with total PAH concentrations of
less than 10 ng/l. Round two testing showed that ozone-UV
produced acceptable results at 1 mg/l and 20-minute contact
time. Peroxide-UV met treatment criteria at 2 mg/l1 and 20-
minute contact time, but only by a - -small- margin. Peroxide-UV

at 5 mg/l and 60-minute contact time achieved very good results.

Both ‘technologies required UV to achieve acceptable results
at the’ ‘retention tlmes tested.

Detailed analysis of‘GC/Ms chromatograms detected numerous
oxidation byproducts in effluent from one of the ozone oxida-
tion tests, but virtually no oxidation byproducts were found
in effluent from one of the ozone-UV tests. This further
confirms the need for UV in combirnation with ozone or hydro-
gen peroxide.

Chlorine and ClO, removed only selected compounds, leaving
total PAH concentratlon well above the 280 ng/l level. Var-
ious combinations of aeration/chlorination/flocculation/£fil-

" tration also prov1ded effluents with unacceptably high concen-
trations of PAH's.

Membrane Technologies

Neither RO nor_ultrafiltratioh was tested, eince round one
tests demonstrated the viability of three conventional techno-
logies. -

COMPARISON OF 'VIABLE TECHNOLOGIES

As noted, three technologies achieved good PAH removals in
- the first round of testing and were tested further ln the
second round. These were:

o Granular activated carbon adsorptlon (GAC)
o] Ozone/UV oxidation . :
o - Hydrogen peroxide/UV oxidation

‘A conceptual design of a full-scale system was developed for
each of these technologies. The following information was
develcped for each technology:
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o System design criteria,’ based on the bench-scale
test program.

o gSystem-operatlng philosophy.

o A flow dlagram to lllustrate major system components
' and szze.

o - Order-of-Magnltude comparatlve capital and annual
" operating and maintenancé cost estimates. The
estimates prepared at this point in the project
were limited to equipment within the treatment
system "battery limits" and were intended only to
- provide-an estimate of relatlve costs among the
-three systems.

o The advantages and dlsadvantages of each system.
It was assumed that .the water from SLP-15 would be treated

for PAH removal at the wellhead (i.e., upstream from the
exlstlng iron removal system). Each technology was evaluated

 assuming a flow rate of 800 gpm. (Based on information avail-

able from Hickok's 1981 study.) Later pump testing at SLP-15
indicated that SLP=-15 is capable of delivering a higher flow
rate (see Sectlon 9).

' Granular Actlvated Carbon Adsorption

System Design Criteria

Isotherm tests indicated that, at total PAH concentrations

of around 7,000 ng/l, GAC has an adsorption capacity of ap-
proximately 3,000 ng PAH/mg carbon. .Although isotherm results
cannot be accurately .translated into ultimate adsorption
capacity, it was ‘assumed that GAC will have an ultimate adsorp-
tion capacity of 2,000 _ng/mg carbon.

Bench-scale column studies were conducted at 4 gpm/ft2
surface loading rate, with a 35-inch bed depth. These load-
ings produced effluent PAH concentrations in the range of
25-30 ng/l. For the purpose.of this cost comparison, the
system was sized at 4 gpm/ft° and with a 30-minute nominal
contact time (empty bed basis). The "design"” contact time

. .was based on standard de51gn criteria and on vendor recom-

mendatlons.

Design criteria for the conceptual GAC treatment system is

summarized as follows:
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Criteria . Design Value

Flow Rate, gpm ' - 800
Carbon Columns : _
Number _ : 2
Bed Volume (empty), gal per column 12,000
Carbon Capacity (per bed), 1lb 40,000
- Carbon Capacity (totsl), 1lb 80,000
Loading. Rate, gpm/ft® 4
Load/UnlOad/Bagkwash Tank
Number _ . 1
Volume _ 20,000 gal

Operatlng Phllosophy

TWO carbon columns would’ be used These columns would be
piped in series so that either column could be used as the
lead column. When breakthrough occurs, the lead cclumn would
be taken out of service and the carbon would be replaced.

This column would then become the polishing column. The
transfer tank would be used to hold spent carbon while new
carbon is‘placed in the column. The spent carbon would then
be transferred to the carbon truck. During normal operation
this transfer tank would be used to store backwash supply
water. For this system it was assumed that dirty backwash

~would be ‘disposed of in the existing sand filter dirty back-

wash basin.

System Flow Sheet

Figure 6-1 illustrates a conceptual flow sheet for the GAC
treatment system,

Advantages and Disadvantages

The following were considered advantages of GAC adsorption'
relative to potential application at St. Louis Park:

o GAC is a state-of-the-art technology for removal
of organics from drinking water'supplies.

o} A GAC system has few mov1ng mechanical parts.
Maintenance of the system is very simple. The
system would not be'as subject to mechanical fail-
ure as other systems under consideration.

o Assuming proper operation and timely replacement
of spent carbon,-a GAC system should have tremen=-
dous reserve capacity to remove any "slug" load-
ings of PAH s which could be encountered. No
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MAKEUP WATER
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NO. 1
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P WATER
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NO. 2
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TO.EXISTING SLP-16

TREATMENT SYSTEM
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TRANSFER
TANK)

MAKEUP WATER
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BACKWASH
PUMP

sump

()

BOOSTER
PUMP

1 .600_gallon

Figure 6-1
N GAC_ Flow Dlagram




operator adjustments would be necessary to accom-
-modate such "slug" loads.

In comparison to oxidation technologies, GAC has

retent
PAH.

that t
10- to
compar

- ozZzone

ozone

no potential'for generation of oxidation prroducts.
o. Since GAC treatment does not oxidize iron no addi-
‘ . tional iron removal facilities would be required

-at wells that currently do not remove iron.

The followxng were considered dlsadvantages of GAC ‘adsorption i
relatlve to potential appllcatlon at St. Louis Park: wwpﬁk
o Blologlcal growths in the GAC columns could poten- &?

,tlally increase chlorine requlrements in the ex1st-_ @
lng treatment system. .
o If excessive sand concentrations are encountered
in raw well water, it could become necessary to
isolate one bank of the existing sand filters and.
replumb the system to treat effluent from the fil-
“ter rather than raw well water.
) GAC produces spent carbon which must be regenerated

or dlsposed

'Ozone/UV Ox1datlon

_'System-De51gn Crlteria

.Bench scale tests indicated that 1 mg/l ozone at 20-minute

ion time with UV gave an: effluent of 60 ng/l total

Based on interpretation of bench-scale data, it appeared

he desired effluent quality could be achieved with a
12-m1nute retention time. For purposes of this cost

ison, a 10-minute retention time was assumed, at an-

dose of 1 mg/l. Design criteria for the conceptual -

UV system is summarized. as follows: ' :

s '
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- relative to potentlal appllcatlon at St. Loui

Criteria Design Value

Flow Rate, gpm ~ 800
UV Reactors _ .
‘Number’ _ _ _ - 1
Dimensions, ft - 30 x 7% x 6
Volume, gal _ 8,000
"No. of Lamps ' 900
‘Watts per Lamp . 65
Ozone Generator , :
Feed Source = ' Air
Capacity, .1b/day _ 14

Recycle Pump
Flow, gpm _ _ 100

Operating Philosophy -

' The ozone UV systeﬁ (based on quotation from Westgate Research
" Corp.) would consist of a large basin with quartz tubes placed
.on 6-inch centers. UV bulbs would be placed in the quartz

tubes.  Ozone generated from air would be fed to the reactor -
through a-header system. The system would be closed and
would operate at about 1 psig pressure.

The dose of ozone would be set by controlling air flow and
ozone concentration in the feed. The dose would be set and

maintained at about 3 grams/minute ozone. The ozone genera-

tor would have 50-percent excess. capacity so it would be
capable of dellverlng a. 1. 5 mg/l aose to the 800 gpm waste

stream,

System Flow Sheet -

'_FigUre 6-2 shows a'conceptual*flow sheet for the ozone uv

system.

Cost Estimates

.The estlmated capital cost of this alternative was $659,000.

The estlmated annual O&M cost was $183,000.
Adva.tages and Dlsadvantages

The follow;ng ‘were considered advantages of Og/UV ox1datlon
Park:

o Thls system has'the.loweStuspace requirements of
any of the treatment systems under consideration.
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o This technology does not generate any spent waste
products requiring offsite treatment (such as spent

GAC) .
o Ozone oxidation of Fe'? to Fe*3 could reduce
.chlorine requirements at the ex15t1ng treatment .

~ system.

The following were considered dlsadvantages of 0,/UV oxida~
~ tion relative to potential appllcatlon at St. Loais Park:

o Some UV 1nstallatlons treating water with high
iron concentrations have experienced chemical foul-
ing of the UV lamps. If this were to occur at St.
Louis Park, it could become necessary to isolate
one bank of the exlstlng sand filters and replumb
the system to treat effluent from the filter rather

than raw water.

o Both the O, generator and the UV lamps would re-
‘quire a goad deal of maintenance to ensure consis-
tently hlgh performance of the treatment system.

o It is possible that "slug" loads of PAH's could
pass through the treatment system unless operators'
.adjust the dosage of O3 and/or retention time in
the system.

o} It is possible that future system modifications
would be required if influent water: quallty changes
(i.e., if O, demand rises with increasing PAH
concentratidns, a conservatlvely sized O, gen-
erator would not be capable of treating wWorse-than-
design water quality).

o Although both 0, and UV are state-of-the-art
: technoloqles, tREII use in treating drinking water
supplies is somewhat limited.

o) If all or part of the UV lamps fail/foul, bench-
scale tests indicate that oxidation byproducts may
be left 1n the water.

e} Since ozone would oxidize ferrous iron to. ferric,
iron removal facilities would be required at wells
that ‘currently. do not remove iron. This would
approximately" double the estimated cost of the

'system. :

Hvdrogen Peroxide/UV Oxldatlon

System Des;gn Crlterla

Clauba”
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Bench-scale tests indicated that 2 mg/l H.O

20, with 20
minutes UV barely met treatment standards? “For added safety

a 5 mg/l H 0., dose with 20 minutes UV was used for the
"design" sé€

Conceptual design criteria for the peroxlde UV system is as
follows. . :

Criteria ' Design Value

Flow rate, gpm : : 800
UV Reactors.
Number 2
Dimensions each, ft 30 x 7% x 6
Volume each, gal 8,000
No. of Lamps, ea. unit 900
Watts per lamp 65
Peroxide Feed _
Tank volume, gal ' 1,200
Pump, gph _ 0.5
Feed concentration 50%

Recycle Pump . :
Number ' 2
Flow each, gpm 100

Operating Philosophy

The peroxide UV system will be similar to the ozone system
except that two reactors would be required to give the 20
minute retention time. Fifty percent peroxide would be fed
from a storage tank using a positive displacement chemical
metering pump. The peroxide would be added through a static
mixer prior to the UV reactors. Recycle pumps would be used
to increase turbulence to minimize fouling of the tubes.
Peroxide dose could easily be changed by adjusting stroke
and/or frequency on the feed purp.

System Flow Sheet

Figure 6-3 illustrates a conceptual flow sheet for a peroxide
UV treatment system.

Cost Estimates

The estimated éapital cost of this alternative was $1,158,000.

The estimated annual O&M cost was $281,500.

6LLibs
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Advantages and'Disadvantages

The following were conSidered.advantages.of H, O /UV oxi-

o

o]

dation relative to potential application at sé. 2Louls Park:

Thisisystem'ﬁas modefate‘épace requirements.

_Thie technology does not generate any spent waste

products requlred offsite treatment (such as spent
GAC) .

Peroxide oxldatlon of Fe +2 to Fe' +3 could reduce
chlorine requirements at the exlstlng treatment

system.

Adjustment of oxidant feed rate to accommodate
changed water conditions would be very easy, re-
quiring only a pump modification.

The following were considered disadvantages of the H,O0,/UV
oxidation relative to potentlal application at St. Lgu S

Park-

o

Iron foullng of UV lamps could occur (see prev1ous
dlscu551on)

UV lamps will require a good deal of malntenance

(see prev1ous discussion).

'"Slug loads could pass through the system (see

previous discussion).

Application of this combination of technologies
for drinking water treatment is untried.

Although detailed analysis of the GC/MS scan was
not conducted, it is likely that H,0,/UV

leaves more oxidation byproducts 1% %he ‘final
effluent. (The oxidation potential is less than
O, /UV. )

Addltlonal iron removal fac111t1es may be required
(see ozone UV dlscu551on)

Cost COmparlson

Annuallzed costs of  the three conceptual treatment systems
are sunmarlzed as follows:

6-12
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Estimated Estimated Annual

System ‘Capital Cost Annual OsM’ . Cost *
GAC. '$ 691,500 $ 72,700 $139,900
0,/UvV - 659,000 183,800 247,800
H,0,/UV 1,158,000 281,500. 394,000

*Annual cost 1nc1udes estimated. annual O&M cost plus amortized
capltal cost over 20 years with zero ‘assumed salvage value.

SELECTION OF-TECHNOLOGY-FOR PILOT TES&ING

It was recognized that estimated total capital and O&M costs
for each of the three systems under consideration could change-
based on additional data gathered . in pilot-scale test work.. -
Selection of a single technology for pilot testing, therefore,
needed to be based on a clear advantage of that technology
over -others under. consxderatlon.'

Technologlcal Con51deratlons

From a technology standpoint, GAC was clearly the most proven
technology under consideration. It has superior flexibility
for both short- and long-term fluctuations in water quality,
requires less effluent quality monitoring, and is a proven,
state-of-the-art technology for treatment of drinking water.

Both oxidation technologies would reduire'more extensive
pilot-scale test work than GAC to fully define optimum design
criteria. Varlables which would have to be tested include:

Oxidant dosage

‘Retention time

UV: time requirements

Spacing requirements for UV lamps

UV lamp intensity requirements

Impact of iron fouling

Effect of influent concentration on design require-
ments

0000000

The extensive test work required for oxidation technologies
would a) increase time requirements for the pilot work and
b) lncrease pllot testing costs.

. Cost Con51deratlons

lThe conceptual cost comparisons indicated that, on an annual
- cost basis, GAC was the most cost-effectlve technology under
con51deratlon.'
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'Bench-scale tests of H 20,/0V prov1ded a good estimate of

required oxidant dosage and retention time regquirements.
This technology is clearly the most costly of the three.

It is poss1ble that 0,/UV could" prov1de adequate treatment

‘with even less UV retentlon time than was illustrated in the
1conceptual design. ' Even if the retention time could be cut

in half; however, the annual cost of the’ ‘system would be

‘higher than the carbon system estimated. Furthermore, if

0,/UV systems were installed at wells without existing

lron removal systems, requlred capltal costs would be increased
further.

Oon the baSlS of these con51deratlons, GAC was selected for
pilot-scale testing at SLP-15. : '

. REFERENCES

-The materlal dlscussed in this section is ‘presented 1n detall

in Technical Memoranda H ‘and I.
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BE section 7
BB PrILOT-SCALE TESTING PROGRAM

A pllot-scale GAC test program was conducted at the well

house of St. Louis Park Municipal Well SLP-15 to measure
removal of PAH compounds and other coal tar derivatives.
For comparative purposes, two pilot trains were used, one

with Calgon Filtrasorb 300 and one. with Westvaco Nuchar WV-G.

The selection of granular activated carbon for pilot-scale
test work was based on the results of bench-scale test work
and on cost comparisons with other viable technologies (see
Section 6). Pilot-scale GAC columns were rented from West-
vaco and Calgon Corporations. Each system was equipped with
four 4-inch diameter glass columns designed for 36-inch carbon
depths.

The objective of the pilot. testing program was to produce
sufficient operatlng and performance data for development of
design criteria for a full-scale GAC treatment system at
SLP-15. The prlmary .goal of the full-scale system would be

to remove PAH's and other coal tar derivatives from the ground-
water to provide an additional drinking water supply for the
city of st. Louis Park. :

PILOT PLANT OPERATIONS

CH2M HILL and/or Barr Engineering Company staff monitocred
pilot plant. operation during the day and were responsible

for daily testing routines. City of St. Louis Park staff
were responsible for monitoring operations in the evening

and at night. Inspections were. performed three times during
the day shift and twice during the remaining shifts. During -
each inspection, the feed rate to each column train was noted
and adjusted to 0.44 gpm (5 gpm/ft2) if necessary. Flow
totalizer readings were noted and all pressure indicators
were read and recorded

Once per day, temperature, dissolved oxygen, and conduct1v1ty
were measured at the inlet and outlet of each column train.
Dissolved oxygen samples were drawn in a manner to avoid
aeration of the sample. A modified Winkler analysis (full
bottle method) was used for DO determination. A ¥SI con-
ductivity meter was used for conduct;vxty and temperature
measurements.

-Dally log sheets were prepared documenting all meaSurements,

records and’ adjustments made during the inspections. ' The
orlglnal data sheets are in CH2M HILL's project files.

PILOT TESTING RESULTS

Westvaco Nuchar WV—G

7-1 fr ‘A e A
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Breakthrough occurred in the Westvaco lead column by the

sixth day of operatlon. Samples drawn on subsequent sampling
dates showed increasing concentrations of PAH's, including
bleed through of some carcinogenic PAH's. After backwashing
“(day 21 of operation), PAH concentrations in effluent from

the first column dropped to below the 280 ng/l limit, but

were still higher than in effluent from-the lead Calgon column.

- The lead Westvaco column was taken out: of service on day 25

of operation and column 2 was placed in the lead position.

This step was taken to determine whether the second column
would break through in the same period of operation as

column 1.  PAH's in the effluent from column 2 rose to-200 ng/l
as soon as the second column was placed 'in. the lead position.

The data 1nd1cate that there was probably an anomaly in the
physical setup of column 1 of the Westvaco train, but the
-performance of the Westvaco carbon was still inferior to
that of the Calgon carbon.

Calgon Filtrasorb 300 .

The Calgon column train displayed consiaténtly low effluent
PAH concentrations and no bleed through of carcinogenic com-
pounds.- _

PAH concentrations in the effluent from columns 2, 3, and 4

remained approximately constant throughout the entire testing
- period. Naphthalene, l-methylnapthalene, 2-methylnaphthalene,
and phenanthrene reached apparent eguilibrium concentrations.
in the first column and no further removal occurred in columns 2,
3, and 4.

At the conclusion of the scheduled 30-day test run, PAH concen-
trations -in the éffluent from the lead Calgon column were-
still very low (less than 20-ng/l). The test run of the.

Calgon system was extended and samples of the effluents from
the first two columns were taken on a less frequent basis.

After 42 days of operation, breakthrough of the first column
had still not occurred. Although several additional PAH's
started to appear in effluent from the column, total PAH
_conicentration was only 21.5 ng/l, with no apparent break-
through.

The pilot test was terminated after 42 days of operation.
‘Further extension of the testing period would have been desir-
able to accurately define carbon life, but was not critical

to definition of design criteria for a full-scale system.

"DESiGN_CRITERIA_FOR FULL-SCALE TREATMENT SYSTEM
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This section dlscusses the design crlterla for a full-scale

- treatment system. For the details of the conceptual design

developed from these criteria see Section 9, "Selection of
Water Supply Alternative for. St. Louis Park," subsection
“Conceptual Desxgn of" Selected Alternative."

Inltlal Carbon Selectlon for Full Scale System

Based on the effluent characterlstlcs of -the two pllOt-SC&le

. column trains and the uncertainty regardlng the cause for

breakthrough in the Westvaco column train,; Calgon Filtrasorb
300 is the ‘recommended carbon for 1n1t1al 1nstallatlon in a

-full-scale GAC treatment.

‘Other brands of carbon may be ‘as effectlve and cost competi-

tive, however. 1If a full-scale system is 1nstalled, it is
recommended that small-scale "minicolumns" be installed for

testing of other carbons. Other vendors wishing to compete

for carbon replacement could provide samples of their carbon
in the minicolumns and the city could measure breakthrough
characteristics for PAH's. Using this concept the city of
St. Louis -Park can develop competltlve bidders for long-term
carbon replacement.

Carbon Contact Time

‘Data-obtained in the pllot-scale tests indicated excellent

PAH removals at.contact times of less than 5 minutes (empty

-bed basis).

Conceptually, a full-scale GAC system would consist of three

: columns'operated in series. When the carbon in the lead

position is exhausted, the second column will be placed in -

the lead position and new carbon will be placed in the."ex- BV
hausted" column. During the carbon replacement period, the
second-and third columns .would be operated by themselves.

Each of the three columns would contain 20,000 lb carbon

(this is' a_standard truckload quantity dellvered by Calgon

‘Corporation) The .three columns would provide a total contact
“time of(l? 9. minutes. - Although pilot-scale data indicate

that a slightly lower contact time would probably be suffi-
cient, some conservatism is appropriate to ensure finished

water quality during periods whgn_nne_column_;s_out_nf_se:__'

vice for carbon reglacement Has +his pean ver. {ie

Carbon:Regeneratlon

" The MDH has ruled that‘regenerated'carbon should not.be used

for a potable water treatment system at St. Louis Park.

- When carbon is. exhausted, it would be replaced with virgin

carbon. L g¢$. . "uLL _ —
N wow fre Govd T pav Vot

Carbon Capacity .
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Since the pilot-scale test was terminated before exhaustion
of the carbon in Calgon column-1, there is some uncertainty
regarding the ultimate adsorption capac1ty of Calgon Filtra-
sorb 300. Available data, however, permit reasonable esti-
mates of a minimum anticipated carbon capacity of 0.0004 1b
PAH/1lb carbon. The actual carbon capacity will probably be
higher than this projected minimum. Maximum probable carbon
capacxty (based on isotherm tests. in the bench-scale program)
- is about 0.002 1b PAH/1lb carbon. :

Design Flow Rate and Raw Water Quality

A recent pump test indicated that the existing well pump at
SLP-15 can provide a flow rate of 1,200 gpm at 30 psig dis-
charge pressure at the wellhead. For the purposes of sizing

a full-scale treatment system at SLP 15, a flow rate of 1,200 gpm
was assumed. )

An analysis of historical measurements of PAH concentrations
at SLP~-15 indicates that about 7,000 ng/l total PAH's can be
expected. Concentrations measured durlng the pilot-scale
program were slightly hlgher, but this is probably because

of the very small pumping rate of the pump used for the pilot
plant. For the purpose of conceptual -design, a total PAH
concentration of 7,000 ng/l was assumed

Annual Carbon Consumption

At a flow rate of 1,200 gpm and raw water total PAH concen-
tration of 7,000 ng/l, approximately 0.1 lb PAH's will be
removed each day the system is in operation. Assuming

24 hours/day, 365 days/year operation, approximately 36.8 1lb
PAH's will be removed by the system each year.

The range of expected carbon capacity, as described earlier,
is 0.002 to 0.0004 1b PAH's/1lb carbon.

Annual carbon consumption is, therefore, expected to be in
the range of 18,400 to 92,000 lb carbon/year.

REFERENCES

The material discussed in this section is presented in detail
in Technical Memoranda J and K.
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'-. Sect:.on 8
EVALUATION OF ALTERNATIVE WATER SUPPLIES

. BASIS FOR EVALUATION

To provide a common basis for evaluating water supply, alterna-.
tives for the city of St. Louis Park, the following objectives
were establlshed

Cagac:Ltz :

The total instantaneous supply capacity of each alternative
must be 3,400 gpm to make up the shortfall between the exist-
ing capac1ty of 9,200 gpm and the pre-1978 capacity of '
12,600 gpm.-

-Annual Cost

In computlng the annual cost of alternatives, it has been
assumed that 1,200 gpm of additional water supplies must be
provided year round and that the additional 2,200 gpm peaking
capacity would be necessary three weeks per year. This, 2,200
gpm would be equivalent to historical uses of SLP-7 and--9'
during hot summer days when sprinkling usage is high.

-Qualitx

The alternat;ve must prov1de a water supply of roughly the
same quallty as existed prior to PAH contamination of St.
Louis Park's wells. 1I1f, for example, iron removal facili-
ties would be required to provide ' an equivalent water supply,
the cap;tal and annual O&M cost of such facilities must be
included in the alternatlve.

Three. alternatlves~wh1ch fulfill the above objectives were
1dent1f1ed The following sections describe each alternative.

ALTERNATIVE 1 - TREAT SLP-15 FOR POTABLE SUPPLY AND START Up
R ~ SLP-7 AND -9

Pllot-scale test work corbleted during this progect demon-
strated that, if treated in a granular activated carbon treat-
‘ment system, PAH concentrations in water from SLP-~15 can be
'_reduced to well below goals establlshed by the Minnesota
Department of Health.

If SLP-15 can be started up,” the MPCA and MDH have deter-
mined that SLP-7 and. =9 could be started up without treatment.
The cone of depression created by SLP-15 would "block" the
,_passage of the contaminant plume to SLP-7 and -9.

:The basic features of the system are as follows:
' Jo el am P A s Iz 7 wo crimera
Sswid s
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o . Water pumped from SLP-15 (1,200 gpm) would be treated /)
' 'in a GAC treatment system for removal of PAH's and
other coal tar derivatives. .

o Treated water would be routed to the exlstlng iron T
removal system located near SLP-15 L;>

o SLP-10 would be piped into the GAC system to'pfo

vide .
a backup water source in the ‘event SLP-15 breaks , e '
down. SLP=10 would not be operated if SLP-15 is(w)”
in service. _

o SLP-7 and -9 (2,200 gpm) would be turned on as N
necessary to provide additional water supplies to B
the City during peak water demand periods.

No capital expenditures w1ll be necessary to start up SLP=-7
and -9. MDH has indicated that some sampling and analytical
work will be necessary prior to startup of these wells, but
it has been assumed that the cost of such testing will be
charged agalnst the gradlent control system. Some additional .
annual O&M costs will be incurred to operate these wells
during peak water demand periods. MDH has also indicated -
. that weekly testing for PAH's will be requlred for each well
(1 €. six tests per year).

The total estlmated capltal cost for-this alternative is
$655,000. The estimated annual O&M cost is from $152,100 to
$275,700 (annual O&M costs are presented as a range because
- of uncertainties regarding carbon life).

Advantages of this- system include:’

o] ‘Operation of SLP-15 will provide a barrier to further
migration of the contaminated groundwater plume.
Since SLP-15 would have to be operated. (and poten-
tially treated) regardless of the water supply
alternatlve selected, operatlon of this pump. serves

- a dual purpose.

o Respon51b111ty for operation lies entirely with
city of St. Louis Park staff.

o Assumlng proper operatlon of the system, the water
supply is completely dependable.

o . The: cost to operate the system would be relatively
stable, subject only to fluctuations in labor rates,
electrlcal rates, and carbon prices.

Disadvantages of the system include:

[o]
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) If the treatment system at SLP-lO and -15 is out
of service during peak water demand periods, SLP-7
and -9 will not be available for use. Since SLP-~10
© provides a backup water- supply'at the treatment
system and the GAC system is relatively simple,
this should not be a major problem.

ALTERNAT IVE 2 = INSTALL INTERCONNECTION WITH CITY OF -
' MINNEAPOLIS WATER DISTRIBUTION SYSTEM

The city of St. Louis Park is preparlng ‘an evaluation of the-
feasibility and costs associated with installing an inter-
connection with the" potable water distribution system in
_Mlnneapolls. :

The basic features of the system are as follows-

o) An lnterconnectron between the two distribution
systems would be made near Cedar Lake Road. and
France Avenue in the northeast .corner of St. LOUlS
Park

o | Since St. Louis Park's dlstrlbutlon system operates
at a higher pressure than Minneapolis's distribu-
- tion system, a booster pump station would be reguired.

(o} The Minneapolis water system would serve as the
'sole source of water for the portion of St. Louis
‘Park located east of Highway 100, a population of
approxlmately 11, 000 people.

o The city of St. Louis Park would pay Minneapolis
for water consumptlon at a rate of $0.94/100 ft3,

The total estlmated capltal cost for this alternatlve is
© $250,000., The estimated annual O&M cost is $833,000. The

- bulk of. annual Oo&M costs are water charges from Mlnneapolls.
Advantages of this system include:

o This. system could be designed -and started up qulckly.'

o} Thls system has the lowest capital cost of any of
- the alternatives.

© °The Minneapolis water_is softened, whereas St.
‘Louis Park's water is not. Not all citizens, how-
ever, may want softened water, -and those who do
probably already have home softeners.

;'Disadyantages-of this system lnclude:.



Total annual costs are more than for any other
alternative. _ .

Some areas of reduced water pressure or stagnation
may occur west of Hrghway 100.

Some -concern has been expressed that the Minneapolis
water system does not have a backup water supply

if low Mississippi River flows occur. In addition,

Minneapolis has a limited storage capacity, similar

to most mature cities w1th surface water supplxes.

The Mlnneapolls intake structure is downriver from

a hazardous waste site in Fridley, Minnesota.
Although the potential is very low, there is a
remote possrblllty of future problems with water
quality in the Minneapolis supply system. It should
be noted, however, that the system has the capability

‘to add powdered activated carbon, reducing concerns

over potential organic contaminants released from
the upriver site.

‘Even if this alternatlve were 1mplemented SLP-15
would have to be started . up and, potentlally, treated

as a part of the gradient control network now under
evaluation by MPCA.. The costs of starting up. and
operating SLP-15 are not included in the cost of

‘this alternatlve.

ALTERNATIVE 3 - INSTALL WELLS IN MT SIMON/HINCKLEY AQUIFER

The c1ty of St Louis Park has already installed one new,
deep ‘well in the Mt. Slmon/Hankley aguifer. This new well
is scheduled for startup in June 1983. 1Installation of more
wells in the'deeper aquifer is a feasible alternative to
provide addltlonal potable water for St. Louis Park.

The bas;c features of the system are as follows:

o

Three Mt. Simon/Hinckley wells would be required
to prov1de the 3,400 gpm capdcity requirement (1,200
gpm continuous flow plus 2,200 gpm peaking capacity).

.Well construction requirements.would:be similar to

the most recent city well. It has been assumed’
that two completely new wells would be constructed
and that one existing, abandoned, well (SLP-7)
would be drilled deeper to the Mt. Simon/Hinckley

aquifer. Since drilling of very deep wells involves

a number of unknowns, this represents a mlnlmum

number of deep wells.

One of the new wells would be routed through the
existing iron removal treatment system near SLP-15,

“iliggg
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utilizing capaCity which was formerly allocated to
~ SLP=10 and -15. _

o Since the’ remaining wells would be used only for ¢Mﬁﬂrdﬁ"ﬁ
7 'brief periods in the summeér, it has been assumed ¥ |
. ‘that iron removal facilities would not be required «*'\ .t

for the additional wells. e ;i>,
. ) - \‘
The total estimated=capital cost for this alternative is b/
$1,870,000. The estimated annual O&M cost is $122,000.

Advantages of this system include:
(o} No new water treatment.facilities would be required.

o ResponSibility for operation lies entirely with
city of st. Louis Park staff.

o The cost to operate and maintain the system should
be relatively stable, subject only to fluctuations
~in labor and electrical rates._

(o} Water in the Mt. Simon/Hinckley is somewhat softer
than water in the upper aquifers (but iron concen-
trations are similar). :

Disadvantages of this sYstem include:

o Three new wells will have to be drilled through.

' the confining layer between the Prairie du Chein-
Jordan aquifer and the Mt. Simon/Hinckley aquifer.
Regardless of the precautions taken in well instal-
lation, these new wells will represent potential -
long-term pathways for cross contamination between_

. ~ aquifers.

o Construction of the new wells would probably not
be ‘permitted until after extensive modeling of the
lower aquifer. This modeling would be necessary
to ensure that other wells in the aquifer would-
not be adversely affected by the new wells.

o Even if this alternative were implemented, SLP-15
would' have to be started up ‘and, potentially, treated
as a part of the gradient control network now under
evaluation by MPCA. The costs of starting up and
operating SLP-15 .are not included in the cost of
this alternative..

FINANCIAL'ANALYSIS OF ALTERNATIVES

The follow1ng assumptions were - .made to compare ‘the costs of
the alternatives.
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o Capltal costs w111 be amoritized at 7- 7/8 percent
over 20 years with zero assumed salvage value.

o __”No costs of using SLP- -15 for gradient. control w1ll
‘'be added to Alternatives 2 and 3. Such costs would,
however, be necessary to compensate for the gradient
control beneflts which are 1mp11c1t with Alterna-
'.tlve 1 ' :

Table 8- 1 presents a flnanc1al comparison of the three alterna-

‘tives.

REFERENCES

The materlal dlscussed in this section is presented. in detall

in Techn1ca1 Memoranda L -and O/P
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Table 8- 1

WATER SUPPLY ALTERNATIVES
SUMMARY OF COSTS

Amoritized

Annual

. | Total -
"Alter- Capital Capital osM Annual
native Cost Cost Cost Cost

1 $ 761,000  $ 76,800 '$152,100 $228,900

| ' to 275,000 to 302,500

g 250,000 25,200 833,000 858,200

3 1,870,000 188,700 122,000 310,700
GLT233/12
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BB section 9
BB SELECTION OF WATER SUPPLY ALTERNATIVE FOR

ST. LOUIS PARK

INTRODUCTION'

Three v1able water supply alternatlves were identified in

_Sectlon 8:

1., Treat SLP-15 for potable supply and start ‘up SLP- 7
.. and -9,

2. Install interconnection with City of Minneapolis
water distribution system.. :

3. Install wells in Mt. Simon/Hinckley aquifer.

Each alternative would restore St. Louis Park's potable water
supply capacity to pre-1978 levels, when municipal wells

were first shut down because of PAH contamination. Alterna-
tive 2 has excessive annual costs and was rejected for finan-
cial reasons. Alternative 1 is far less capltal intensive
than Alternative 3, but would be more expensive to operate
each year. However, when both amoritized capital and annual
OsM costs are considered, Alternative 1 is the most cost-
effective alternative, regardless of carbon consumption.

LONG RANGE-IMPACTS‘ON WATER SUPPLY

Analysis of water supply alternatives has centered on re-
storing St. Louis Park's water supply capacity to 1978
levels. Before making a final recommendation for implemen-
tation, however, it is appropriate to evaluate whether the
most cost-effective alternative is compatible with future
growth of the potable water supply system at St. Louis Park.

If Alternative 1 is implemented, there are a number of options
available for future increases in water supply capacity:

o Install GAC systems at other wells (SLP-4, =5)
which have been shut down. .(At current levels of
contamination, it is possible that SLP-4 could be
started up with only the addition of an iron removal
system equipped with ozonation.)

) Install new Mt. Simon/Hihckley'wells.

(o} | Tie gradient control wells (1f free of PAH's) into
potable supply system.

It is concluded that Alternative 1 is compatlble with future
increases to the city's water supply capacity.

9-1
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'RECOMMENDATION FOR IMP.LEMENTATION

Alternatlve No., 1 = Treatment of SLP-15 for Potable Supply '
and Start Up SLP-7 and -9 - is recommended. for 1mplementa-

tlon at- st. Louls Park Mlnnesota._

In addltlon_to being the most cost-effective alternative for
restoration of water supply capacity to St. Louis Park, Alter-
native 1 provides additional benefits to MPCA's overall efforts
at the Rellly Tar sxte-~' :

-2 0peratlon of SLP-lS will be an integral part of
. the gradlent control network to be installed in
St. Louis Park. ' Use of this well for potable water
supply prov1des dual beneflts.

° MPCA has-lndlcated that'treatment of contaminated
-water from the gradient ' control system will be -
necessary to meet surface water discharge standards.
A GAC system or other type of treatment system at
‘SLP-15 could possibly be required even for surface
water discharge. Installation of the system to
- provide a potable water supply for St. Louis Park
is highly practical because the treated water will

'~ be beneficially used rather -than discharged to
- surface waters.

CONCEPTUAL DESIGN OF SELECTED ALTERNATIVE

'Flowsheet'

_,Flgure 9-1 is a prellmlnary flowsheet for a GAC treatment

system at SLP- 15 Ba51c features of the system shown are:

e} '_‘Des1gn flow rate of 1,200 gpm
o Three adsorptlon columns
o "Mlnlcolumns for testing alternatlve carbons for

future carbon replacement

o . BackwashEprovidedyby_the combined flow of SLP-11
- and_-lS

- o  Pipe from SLP-10 to the new system to serve as a
L backup water supply :

Site Plan -

. Figure 9 2 presents a preliminary 51te plan for a full-scale

GAC treatment system. The system has been located adjacent
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to the existing pump stat10n whlch houses SLP-11 and -15.
Ba51c features of the system are as follows-_

f'o-u The carbon columns and carbon transfer tanks will
'be heat traced and 1nsulated and will be located
outs;de the existing pump statlon building.

. 0. A small building .addition will be necessary to
S house the system valving manifold, system control
panel, and the wall mounted minicolumns.

o . “Carbon column backwash plplng will be tied in with
: “the ‘existing sand fllter ‘backwash system.
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‘o A new=dr1veway-w111 be necessary to provide access

to the carbon transfer. tank.

REFERENCES

The material discussed in this section is presented in detail

in Technical Memoranda K and O/P.
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